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1. Imiroduction

The two payloads end suxiliiary squipment were taken to Wallops Islsnd,
Virginie, on 25 May 12G0, in expectation of ZTiring the £irst on 1 Jums 1360.
Preparation of the peyload was slmost complete vhen, on 27 May 1560, we were
informed that no further Nike-Asp firings would bz sliowed until the causs
of certainm previous rocket failurea {(not on thia projeet) bad been eliminated.
The equipment was therefore cemoved from Wallops Islsnd.

The remainder of this report consistzs of sn origingl contributicn to the
theory of the reockei-borne Langruir probe; the currzni-~veliage characteristic
has beew derived as & function of the arece ratio of the tiwo elecixodes. The
limiting case of a symwetrical bipolar probe (aveca ratie uvnity) has been
discussed by Jobnson and Malter. When the zrea ratio ie wery lsrge the cure
rent-voltage characteristic bzcomes esecentially that of a zingle probe as
dfszcussed by Langmuir. The intermediate cazses psrticulgrly when the area
ratic i9 of the eawec order as thke ratio of randon current density of electroms
and positive ions (about 200 ie the icnosphers) is cof great icperisnce in

degigning and i{eterpreting rocket experimsats.

2, The Asyometrical Bipclar Prcbe

We ecusider an 2symmetricel bipolar probe eonslating of twe electrodes
of unequal surfaee grea between which a poteatial mesy be applied and the
resulting current measureld., It is assumed that (1) the electron veloeity

disiridution is Mamwelllisn and can be represznted by the clcetron temperaturs



T and {2} the sheath thicimess is smsll compered with the radiug of curva-
ture of the electredes.

Initially, with both electredes a2t the same potential, the system as-
sumes a negative potential with respect te the plaska due to electron and

positive ion bombardment. This floating potentisl is given by
Ve =5« (kT,/e) lage (ja/jp) (1)

where k is Boltzmenn®z conatant
T, the equivslent cleetron tempsratura
e %the electronic charge
je the electron randow curseat density

jP the pesitive ion rendom currsnt density.

& potential! V igs applied between the elecirodes, V being takes to
be positive when the smaller (ereca Az) ig positive with respect to ths
larger (ezea AI)' The potentiais of the clectrodes azszsume new values V

1
and Vy , where

The electron currents to ths electrodées are, for retarding potentials,
i, = A Jo exp [evllkigj (3}
g = Ml e [ @

vhere the subseripts 1 end 2 refer to the largar and smaller electrode res-
pectivaly,
It iz coavenient at thiec poimt to introduce two psrometers: the crsa

ratio:




and the volitage ratio:

N = eV/xT, {6)

with appropriate subscriptz £or V¥V being applied to /q, Thus 7 is the

potential © expressed as a muitiple of the elecirsn snergy in voltage
units,
Now the positive ion currents to the two elactrodes sre independent of

Vi and 72 and have values

LPI = Ay j? €D
and
ipZ = A, 3p )]
The total electron current must be numerically cgual teo the total positive
ion current, that is
iel * 132 = ipi « ipz 16 )]
From (3) snd (4):
ie1/lg, = (43/4p) exp[e (¥1-7y) / BT ] (10)
that is
i,./lq2 ©& o e [~N] (11)
and from (7) ana (8):
1135-,192 s < (12)
Finally the probe current i {12 given by



Therefore, using (9), (11), (12), and (13), we find:

s Joxp (M) -1

Uipl axp (M) ¢ cr} (18)

This is the mathematical formulation of the current-voliage characteristic
of an esymmetrical bipolar probe having an area ratio o (>1). It is plotted
in Pigure 1 for values of o of 1, 19, 100, and 1000. The curve for the
symetrical bipolar probe {o-= 1) 1is point symmetric about the origin (only
the positive halt is shown). For wvalues of o greater than 100, the curves

become point symmetric about the point

£/4 > 0.5 (1%)

and

M = log, (2+ 0) (16)

We must now introduce the restriction that the above analysis is wvalid
only for retarding potentials on the electrodes, For accelerating potentials,
the electron current is limited to the rendom current density. Now the

potentials of the two electrodes and are given by
1 M2

exp (-q) = (/3 “:frlfm an

and

. oexp (~-1) = 1

Saturation occurs when the smaller elcectrode raaches space potential ("Qz = 0)

at a value of 1| given by

erp () = __ T /Y
FTT = (3,750 19)

and a velus ot i giver by
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i/ipl = (je/jp - /o (20)

if je/jp> (6 ¢ 1), no electron current saturatien cceurs,

The point at which eleectron current saturation occurs is thus determined
by the area ratic o and the random eurrent density zatio J e/jp' The shert
horizontal lines in Figure 1 indizate clectron current saturaticn. In the
ionosphere the value of je/ jp is computed to be about 200,

The flosting potentiel is given by

exp () = /5, (21)

and therefore, as might be guessed, for very large o () je/jp) the smaller
electrode saturates when 7 is equal to the floating potential. In other
words, for suffficiently lsrge o the smaller clectrode is assentially a
eingle probe and the larger electrods maintsine o scomstant cotontisl cqual
to the floating potential. We may determine how large o nust be for such
a simplification tc be made; it evidently muet be several times the wvslue
of je/jp' In Figure 2 the curves of Figurs 1 are replotted on semi-log

paper. On this plot the crdinate is

aAlA, = Ge (22)

ipz) / ipl
The single Langmuir probe is characterized by & linaar plot on semi-log

paper. It {s scea in Figure 2 that for all values of < the plots are very

close to linear for , i/i‘pl < 0.1. How electron saturation occurs at

A Uipl s je/jp) / o . Therefore the condition that the ssymmetrical bi-

polar probz mey be analysed as & single probe is

o > 1o (je/jp) (23)
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We may summarize the regsult of this analyzis as follows:

l. 1€ o < je/jp° In this mode of operation there is no region of
electron saturation; hence, the eleciron random current density is not mease
ured. In gddition the electron tempsvsature that is deduced is representa-
tive only of elecizrons with energiee greater than a certain valus. There
is very little to recomsend this mode of operation.

2. je/jp £ o <10 je/jp)‘ Here both electron and positive ion ran-
dom current densities are measured. The clectron temperature is obteined
for the complete spectrum of electron energy and it is possible teo test for
a Maxwellisn distribution. PFinally, the electron concentration is obtained.
This is the preferred mode of operation,

L IO(je/jp) < o . The merits of the previous mode are present with
the advantage that the data evaluation is aomewhat simplified. This is more
than outweighed by the disadventage that, except for wery large rockets,

2 for the

the area of the smaller electrode is now very small (less than 10 cm
Asp) resulting in small saturation currents and large edge correctfons.
We conclude that for maximum sensitivity of e rocket-borne Lsngmuir
probe decigned to measure electron concentration and temperature the electrods
srea ratic o should be chosen to dbe slightly greaier than the sxpected
value of je/jp which £s about 200 in the ionosphere.
In the instrumented rockets which are to be fired in the near future
the area rztiocs are:
Rose electrods o = 107
Side electrode ¢ = 1035
and the sweep voltage will result in a range of 7 frem gbout <10 tc +10 which

is wore than adequate to obsgrve the complete ecurrent-voltage charscteristies.
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Figus:es

Figure 1, Current-voltage cheracteristics for asymmetrieal bipolar probes.
Area ratieo ¢ = 1, 10, 100 and 1080. Probe current ratio ifipl X
ratio of probe current to toial pesitive lon curreat to larger electrode.
Voltage ratio m 1s ratio of probe voltage o mesn electron energy im
voltege unite., Short horizontal iimes indiecate electron saturation st
suarlsi eiscirede for weverai vaiues of the ratio jeijp which 18 ratio

of electron to positive lon random current density.

Figure 2. Same data as previcus figure re-plotted on semi-log ccordinates
and the ordinate is now A iﬂpk o (ilipl % 1/g). On this method of
plotting & single probe snalysis leeds to a straight line (whose slope
is a measure of electron temperature)., It is seern that over a wids

range of o that the approximetion of single probe anslysis is walid

for A i/i, £ oo.1.
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